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Local Anesthetics 
By Henry Gilman 

DEPARTMqNT OF CHEMISTRY, IOWA STATE COLLEGE, AXES, IOWA 

HERE are two main classes of anesthetics: general, The success which has attended the efforts of organic 
where the patient suffers temporary loss of conscious- chemists in this field has naturally ~ developed from the 
ness; and local, when the patient retains consciousness methods of attack, which have been followed in the solution 

during the operation. General anesthetics may be inorganic of related problems. 
tor organic compounds, such as nitrous oxide, ether, chloro- Essentially this is the problem. Cocaine is a naturally 
form, ethyl chloride, etc. Local anesthetics occurring organic compound with certain 
b a y  be inorganic or organic compounds, physiological properties, particularly that 
b u t  organic compounds are used almost of producing local anesthesia. It has some 
exclusively. inherent defects which must be remedied 

The history of local anesthetics is inti- or circumvented. Inasmuch as cocaine is 
mately and for a time was altogether asso- a pure organic compound this involves 
ciated with cocaine, which substance was either an alteration of the cocaine mole- 
introduced in local anesthesia about forty cule or the synthesis of new compounds 
years ago. Without entering into a dis- having a t  least the desirable properties of 
cussion of the relative merits of general and cocaine with few or none of its disad- 
local anesthesia, it is sufficient to remark vantages. 
that statistics indicate a steady growth in 
the use of local anesthetim for both minor 
and major operations. 

NEED OF SUBSTITUTE FOR COCAINE 

METHOD OF ATTACK 

With such problems the first procedure 
is one of analysis. This involves in or- 
der: separation and purification, qualita- 
tive analysis, quantitative analysis, and 

cocaine, has been rather largely superseded molecular weight determination. From 
by synthetic local anesthetics. The rea- these the molecular formula can be ob- 
sons for this are several and concern tained. The work has only begun, for 
themselves with inherent comDarative the molecular formula alone is essen- 

In  surgery, particularly in dental work, 

HENRY 
disadvantages of this naturally occurring 
alkaloid. First, cocaine is relatively more 
toxic or poisonous than some commonly employed synthetic 
compounds. Second, cocaine is a habit-forming drug and 
carries with it the added disadvantage of such drugs-the 
need of conforming with the proper legal exactions of the 
Harrison narcotic law. Other disadvantages are often 
cited, but these two may be considered as of prime import. 

Substitutes for cocaine (and we here refer to synthetic 
organic compounds) should satisfy the following require- 
ments. 

(1) They must be less toxic than cocaine in proportion to their 
local anesthetic action. 

(2)  They must not cause irritation or tissue injury, and largely 
for these reasons compounds that react strongly acid or alkaline 
are not used. 

(3) They must be water-soluble, and give solutions sufficiently 
stable to be sterilizable by boiling. 

(4) They must be compatible (possible of mixing without 
serious alteration) with adrenalin. Adrenalin is an organic 
compound obtainable from the suprarenal glands and is also 
prepared synthetically. It has the extremely valuable property 
of constricting blood.vessels. This not only renders the tissues of 
an area comparatively bloodless during operation, but also in- 
creases local anesthesia and decreases the general toxic action 
by reducing the rate of absorption by the system. 

(5) For particular operations involving mucous membranes 
they must be able to penetrate rapidly. 

- For such mucous membrane work as eye, nose, and throat 
the anesthetic is applied topically, being absorbed directly from 
a wad moistened with the compound. For most other work 
the solution is injected. The cost factor, on the whole, is not 
always of major consequence: someone has made the trite 
remark that although ether is more expensive than chloro- 
form in general anesthesia it is less costly than a funeral. 

GILMAN tially worthless with complex organic 
compounds, such as cocaine, C17H2104N. 

The structural or constitutional formula, which shows the 
manner of arrangement of atoms and groups in the mole- 
cule, must next be determhed. This is arrived a t  by a 
process of analysis or fragmentation, the breaking down of 
the molecule by standard reactions into reasonably large 
parts which are isolated and then identified by reference 
to previously known compounds. Generally, this structure 
is confirmed by a synthesis using known compounds and 
standard or reliable reactions. 

That which follows is essentially empirical at first. Alter- 
ations are made in the disposition or arrangement of groups in 
the molecule, in the kind, and number of groups. After each 
new compound has been made it is pharmacologically tested, 
at  first on lower animals, to determine the effect of such 
changes on the physiological properties. In this way we arrive 
at  certain rules or generalizations which serve to correlate 
physiological action with chemical constitution. With new 
drugs this involves the synthesis of many new compounds, 
first, in order to determine the effect of variations in structure, 
and second, if we would synthesize a substance with optimum 
physiological properties. A large proportion of these com- 
pounds may appear to be of doubtful value. The method is 
orderly, rational, scientific, and, for the present, inevitable. 
Arsphenamine, or “606,” the organic compound so widely 
used in syphilis and allied diseases, is one of the most impor- 
tant drugs the world now has and only came into being after 
Ehrlich had previously prepared 605 solutions. 

PROCAINE 
Following the methods of procedure just indicated, chem- 

ists have synthesized a number of organic compounds whose 
physiological properties have warranted their rather wide 
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adoption in medicine. Foremost among these compounds 
is procaine, formerly known in this country as novocaine. 
It is the hydrochloride of the p-aminobenzoate of p-diethyl- 
aminoethyl alcohol. The hydrochlorides of these basic com- 
pounds are generally used, but for convenience the free bases 
are graphically presented for comparison. 

0 
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It mill be observed that procaine bears some structural 
resemblance to cocaine. There are a few essential differences. 
Procaine is simpler in the sense that it has not the "bridges" 
or cyclic structures so characteristic of cocaine. There is also 
a para-amino group in the benzene nucleus of procaine. A 
third difference is in the number of carbon atoms between the 
nitrogen and oxygen atoms. In  cocaine there is a chain of 
3 carbon atoms between the nitrogen and oxygen atoms, 
whereas in procaine there is a chain of only 2 carbon atoms 
between the corresponding nitrogen and oxygen atoms. 

Kamm' forecasted that the introduction of another carbon 
atom between nitrogen and oxygen would give a compound 
whose physiological action would be intermediate between 
that of cocaine and procaine. This prediction of the action 
of a new compound by analogy to structures of known com- 
pounds was admirably substantiated. The compound, re- 
cently synthesized by Kamm, was found to be slightly more 
toxic than procaine but less toxic than cocaine; it was more 
effective for surface anesthesia than procaine but less effective 
than cocaine. 

BUTYN 

Here, then, was a valuable clue for the synthesis of a com- 
pound that was to have the excellent property of cocaine for 
surface anesthesia. This property of surface penetration 
has limited the application of procaine in mucous membrane 
work. The need of such a compound in eye, nose, and throat 
work was urgent. As a result of the elegant synthetic work 
of Adams, Kamm and Volwiler,2 butyn was prepared; it was 
selected as the best drug from some 40 compounds made by 
them. After a thorough and eminently satisfactory series 
of clinical tests, the compound is now used for mucous mem- 
brane vr7ork. Butyn is the sulfate of the p-aminobenzoate 
of 7-di-n-butylaminopropyl alcohol. This compound is 
probably the most important local anesthetic recently pre- 
pared. It is distinctly an American product, and was made 
possible by the excellent collaboration between the university, 
the drug house, and the physician. In passing, it might be 
mentioned that unpublished results* indicate butyn to be less 
toxic than cocaine even when injected in man. 

Other work has been done recently with compounds related 
to procaine. In a study of the effect of unsaturated group- 

1.7. Am. Chem. SOC., 48 (1920), 1030. 
2 U. S. Patent 1,358,751; C. A. ,  15 (1921), 412. Clinical report by 

Bulson in J .  Am.  Med. Assoc., 1922, 78, 343. 

ings on local anesthetic action, Braun and Braunsdorfs 
have replaced one of the ethyl groups in procaine by an allyl 
group, and by a cinnamyl group. Both compounds were 
found to have a stronger anesthetic action than procaine. 
V. Braun has made many important contributions to our 
knowledge of local anesthetics and this is his most recent 
work. Prior to this Kamm and Volwiler4 prepared the di- 
allyl analogs of procaine and butyn. Osterberg and 
Kendall have prepared the o-diethylamino-cyclohexanol ester 
of p-aminobenzoic acid, a homolog of procaine with larger 
molecular weight. No report has yet been made on the physio- 
logical action of this compound. Mention should be in- 
cluded here of apothesine, the cinnamate of r-diethylamino- 
propyl alcohol, a product of American origin introduced dur- 
ing the war and used quite extensively. 

ANESTHESIN 
Another class of local anesthetics insoluble in water but 

used in powder form includes anesthesin, the ethyl ester of 
p-aminobenzoic acid. Brille has prepared a series of related 
esters one of which, the n-butyl ester of p-aminobenzoic acid, 
is the subject of a patent by two drug manufacturers, one 
American and one French. Thoms and Ritsert' have studied 
the effect of replacing one of the amino hydrogen atoms of 
anesthesin by various positive and negative groups. Only 
in the case of ethyl p-hydrazinobenzoate, where a second 
amino group was substituted for a hydrogen atom, was the 
anesthetic action comparable with that of anesthesin. 
Altwegg and Landrivon8 have patented the p-haloethylamino- 
benzoic esters and the corresponding compound obtainable 
by replacing the halogen by the diethylamino group. Adams 
and Volwilerg have prepared the allyl-p-aminobenzoate. 

BENZYL ALCOHOL 
Another class of local anesthetics owes its origin to the re- 

searches of Macht,l0 who, in connection with a study of the 
physiological action of various alkaloids, examined the an- 
esthetic properties of benzyl alcohol and some of its simple 
derivatives. This field has been worked almost exclusively 
by Americans. Benzyl alcohol is used to a slight extent as a 
local anesthetic. A number of local anesthetics have addi- 
tional valuable properties, such as antiseptic action and nar- 
cotic action. In this connection it should be said that various 
esters of benzyl alcohol are very useful as anti-spasmodics, 
Recent work has indicated a close, but not complete, correla- 
tion between the anti-spasmodic action and the rate of hy- 
drolysis of these benzyl esters." 

OTHER LOCAL ANESTHETICS 
The SUCWBS of Macht and co-workers with benzyl alcohol 

has served to extend our knowledge of the local anesthetic 
properties of related compounds. Hjort and collaborators, 
in a study of various aromatic alcohols, have found benzoyl 
carbinol to be quite effective as a local anesthetic.12 A series 
of related studies by Hirschfelder13 and co-workers has shown 
the practicability of saligenin as a surgical anesthetic. Very 
favorable clinical reports have recently been made of this 
compound. 
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